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Introduction
Periodontal diseases are among the most common infectious diseases caused by the accumulation of bacterial plaque on tooth surfaces. Periodontitis can result in soft and hard tissue destruction and eventual tooth loss. Scaling and root planning with hand instruments, sonic and ultrasonic devices and air abrasion are performed for treatment of periodontal diseases. 1 Nonsurgical periodontal debridement is performed aiming to efficiently eliminate plaque and calculus without damaging root surfaces. Manual instruments and ultrasonic devices have long been used for scaling and root planing (SRP) with successful results. 2 Dental lasers were recently introduced to increase the efficacy of conventional SRP, and many studies have evaluated their efficacy in enhancing the biocompatibility and attachment of fibroblasts to root surfaces. 3 The efficacy of erbium-doped yttrium aluminum garnet (Er:YAG) laser with 120 mJ/pulse output energy was evaluated in a previous study and it was shown that although Er:YAG laser produced smoother surfaces than curettes, some irregular surface areas and craters were still present on the root surfaces. 4 Thus, some researchers have recommended lasers with lower output energies to prevent the unwanted physicochemical side effects (i.e. carbonization). 5 Considering these shortcomings, soft tissue lasers were introduced, which are incapable of removing hard tissues. 6, 7 Diode lasers are among the commonly used soft tissue lasers. These lasers are not much efficient for calculus removal; but can be used as an adjunct to conventional SRP to enhance its efficacy in yielding biocompatible and germ-free root surfaces. 8 Laser irradiation causes significant chemical changes in root surfaces. Weight percentages of carbon, phosphorous, oxygen and calcium are particularly important in this regard. No previous study has quantitatively assessed chemical properties of root surfaces after the application of Erbium laser. Thus, this study aimed to compare the effects of hand curettes and Er:YAG laser on chemical properties and ultrastructure of periodontally-diseased root surfaces using spectroscopy and scanning electron microscopy (SEM).
Methods
This in vitro experimental study was conducted on 50 (80% power at the 0.05 level of significance) sound single-rooted maxillary and mandibular teeth freshly extracted due to periodontal disease or orthodontic reason. The selected teeth were sound with no carious lesions, fractures, or cracks. To ensure the absence of any defect, root surfaces were evaluated at 4X magnification using a magnifier. Teeth surfaces were polished using prophylactic paste and bristle brush and stored in phosphate buffered solution (PBS). The teeth randomly underwent one of the following treatment modalities: Experimental group 1: Surfaces of 10 roots were scaled using #7 and #8 Hand curettes (Nordent, IL, USA) until a smooth surface was achieved. Surface smoothness was determined by the operator using the sharp tip of an explorer. Experimental group 2: Surfaces of 10 roots were debrided using hand curettes and were then irradiated with Er:YAG laser with 100 mJ/pulse output energy, 15 Hz, 50% air and 85% water at 60° angle for 20 seconds.
Experimental group 3: Surfaces of 10 roots were scaled using hand curettes and were then irradiated with Er:YAG laser with 150 mJ/pulse output energy, 15 Hz, 50% air and 85% water at 60° angle for 20 seconds. Negative control group: Ten roots with bacterial debris and calculus were evaluated as the negative controls. Positive control group: Ten roots without calculus and bacterial debris were evaluated as positive controls. The percentage of main elements remained on root surfaces including carbon, oxygen, calcium and phosphorous was determined using spectroscopy with x-ray diffraction (XRD) and x-ray fluorescent (XRF) techniques. XRF analyzer spectrometer is used to measure the percentage of elements in the composition of a material and is a suitable technique for the measurement of the weight percentage of elements. For SEM analysis, specimens were cut into 2 mm sections and the sections were dehydrated in acetone in an incubator for 12 hours. Specimens were then dried, gold-coated and evaluated under a SEM (KYKY EM3200, China). The examiner assessing the surface roughness under SEM and the operator performing spectroscopy were blinded to the group allocation of samples and the type of SRP modality. Data were analyzed using SPSS version 16 (SPSS Inc, Chicago, IL, USA). Weight percentages of elements on the root surfaces of specimens in the 5 groups were analyzed using one-way analysis of variance (ANOVA). Considering the lack of a significant difference in the results of one-way ANOVA, pairwise comparison of groups was not performed. Type 1 error was considered as 0.05 and P < 0.05 was considered statistically significant.
Results
The mean and standard deviation (SD) weight percentages of carbon, oxygen, phosphorous and calcium remaining on the root surfaces following root debridement with hand curettes alone and in conjunction with Er:YAG laser with 100 and 150 mJ/pulse output energy are presented in Table 1 . According to the results of one-way ANOVA, no significant difference was found in the mean weight percentages of carbon (P = 0.110), oxygen (P = 0.660), phosphorous (P = 0.060) and calcium (P = 0.080) on the root surfaces among the 3 experimental groups. Root surfaces treated with 150 and 100 mJ laser irradiation showed the maximum values of carbon and oxygen, respectively. Maximum and minimum values of calcium and phosphorus detected in negative control and 150 mJ laser groups, respectively. Qualitative changes of root surfaces treated with different protocols are showed in Figure 1 .
Discussion
Based on the results, no significant difference was noted in weight percentages of carbon, oxygen, phosphorous and calcium remaining on the root surfaces following SRP with manual curettes with and without Er:YAG laser with 100 and 150 mJ output energies. In a study by Altundasar et al, in 2006, SEM/EDX analysis of specimens irradiated with laser revealed increased weight percentage of calcium and magnesium; which is in contrast with our findings. 9 In our study, the weight percentage of carbon in the manual curette +150 mJ Er:YAG laser group was slightly (but not significantly) higher than that in the 2 other experimental groups (53.1% in the manual curette + 150 mJ laser versus 44.96% in the manual curette alone and 38.47% in the manual curette plus 100 mJ laser). Also, the weight percentage of calcium in the manual curette + 150 mJ Er:YAG laser group was lower than that in the 2 other experimental groups (9.35% versus 14.86% and 17.19%). The absence of any significant difference in calcium/phosphorous ratios was indicative of no significant change at the molecular level. During laser irradiation, the evaporation of organic compounds may result in increased calcium or phosphorous content of the superficial dentin. However, our obtained results must be interpreted with caution because SEM/ EDX analyses of weight percentages of elements such as calcium, phosphorous and oxygen have high technical sensitivity. 10 In the clinical setting, increased content of important elements after laser irradiation may increase the resistance of dentinal surfaces to acid attacks. 11 On the other hand, it was found that laser irradiation would increase the resistance of teeth to cariogenic agents. Near-infrared laser wavelengths such as 808 nm diode laser appear to cause changes in the organic matrix of enamel and confer resistance to demineralization. This is of clinical importance since the preservation of organic matrix in dentin lesions is important for decreasing the risk of caries progression. 13 In this regard, weight percentages of dentin constituents (70% hydroxyapatite, 20% organic matrix and 10% water), which are different from enamel constituents (96% minerals, water and organic matrix), must be taken into account. To the best of our knowledge, no previous study has compared the chemical changes of root surfaces following SRP with manual curettes and laser irradiation. Thus, the comparison of results was not feasible. De-Melo et al in 2011 assessed the effect of low intensity diode laser (808 nm wavelength) on chemical composition of dentin and the prevention of dentin demineralization. EDX analyses of calcium, phosphorous, carbon and oxygen contents in different groups revealed no significant difference; which is similar to our results.
14 However, in their study, calcium and phosphorous contents slightly decreased post-treatment and significant changes were noted in the results of EDX analysis. Thus, EDX analyses may only be useful for the assessment of specimens containing standard concentrations of chemicals. Moreover, EDX only assesses the presence of trapped molecules and cannot determine the molecular characteristics of specimens. Relative similarity of carbon, oxygen, phosphorous and calcium weight percentages on root surfaces following SRP with manual curettes and 100 and 150 mJ Er:YAG laser irradiation in our study indicates that these treatment modalities may have equal effects in terms of chemical changes in root surfaces. This finding also confirms the safety of Er:YAG laser. However, these observations must be further scrutinized and confirmed in future studies by the use of methods such as Raman spectroscopy. 15 Clinically, SRP is performed to achieve smooth and resistant root surfaces, which are important for a healthy periodontium. 16, 17 In the current study, the irradiation of 100 and 150 mJ Er:YAG laser increased the surface roughness according to SEM observations. Rough surfaces enhance the accumulation of biofilm especially when the rough surfaces are located supragingivally. 16 Thus, these surfaces must be polished to prevent the accumulation of bacterial biofilm. 17 On the other hand, subgingival rough surfaces may be beneficial for periodontal treatments because they enhance the adhesion of a stable fibrin network and lead to subsequent migration of fibroblasts and mesenchymal cells. These interactions accelerate the process of periodontal regeneration. 18 SEM analysis of specimens subjected to laser irradiation (100 and 150 mJ) and SRP with manual curettes revealed variable degrees of changes in root surfaces. These results were in accordance with the findings of de Oliveira et al. 19 They reported that all root surfaces irradiated with erbium, chromium doped yttrium scandium gallium garnet (Er-Cr: YSGG) laser were rougher than non-lased surfaces (similar to our study). However, these observations were all subjective. Foroutan et al compared the manual tools ultrasonic and Er:YAG laser on the debridement effect of the surface of the root suffering from periodontitis. They showed that although various dental surfaces cleaning methods may be different in other aspects, but are all similar concerning the fibroblasts morphology. Also in addition to the power, laser emission time may also be effective in the cells morphology results. 20 Also, Amid et al evaluated the effects of manual curettes, ultrasonic scaler and Er:YAG laser on surface roughness and ultrastructure of periodontally-diseased root surfaces and found no significant difference in terms of changes in surface roughness parameters or surface changes among different techniques. However, laser irradiated surfaces were more irregular and experienced greater surface distortion. 21 In a study by Birang et al, Er:YAG laser caused greater root surface roughness than hand instruments; this finding is in line with the results of the current study. 22 Schwartz et al showed that the efficacy of calculus removal by Er:YAG laser irradiation in the clinical setting was similar to that of hand instruments; but, diode laser irradiation was not suitable for calculus removal due to significant surface distortion caused. 23 Frentzen et al reported increased loss of cementum and dentin and high surface roughness due to Er:YAG laser irradiation and questioned its clinical application. 24 On the other hand, de Mendonca et al in 2008 reported that SRP with manual curettes caused rougher surfaces than Er:YAG laser irradiation and ultrasonic scaler, and added that all methods increased root surface roughness after treatment. 4 Crespi et al in 2006 indicated that Er:YAG laser irradiation in the clinical setting resulted in plaque and calculus removal and yielded a rough surface morphology. 25 Tsurumaki et al in 2011 showed that ultrasonic scalers and Er, Cr:YSGG laser irradiation alone or in combination with hand instrumentation yielded in rougher surfaces than SRP with manual curettes. Although the type of laser used in their study was different from ours, their findings were in accord with our results. 26 SRP is performed to remove dental plaque and calculus from root surfaces of teeth. The remaining root surface roughness after treatment is believed to be less than that prior to treatment. 27 However, smooth root surfaces are not a perquisite for a successful SRP. 28, 29 Smooth root surfaces at the gingival margin are advantageous because the odds of dental plaque accumulation on smooth surfaces are less than that on rough surfaces and the efficacy of plaque removal from the smooth surfaces is higher than that from rough surfaces. Some studies 30, 31 have shown that surface roughness due to subgingival SRP significantly increases subgingival microbial colonization. A comparison of the results of different studies in this respect must be done with caution considering different methodologies and use of different measurement tools such as profilometer, Doppler laser, or electron microscope. Such differences in methodologies can explain the controversy in results. 32, 33 Within the limitations of this study, the results showed that chemical changes of periodontally-diseased root surfaces following root debridement with hand curettes with and without Er:YAG laser irradiation (100 and 150 mJ) were not significantly different; although laser irradiation yielded rougher surfaces. Interestingly, Er:YAG irradiation showed higher percentages of carbon and oxygen compare to hand instrumentation that may have some clinical implications in new attachment of viable fibroblasts.
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